SUMMARY cDNA clones encoding myosin light chains (A1-, A2-, and DTNB-LC) were isolated from fast skeletal muscles of eight marine teleosts and amino acid sequences were deduced from cDNA nucleotide sequences. The Al -LC from all fish examined was highly conserved in their primary structures as in the case of DTNB-LC and contained a so-called difference peptide of amino acid residues rich in alanine and praline in the N-terminal region, which was absent in A2-LC. However, the N-terminal sequence of fish A2-LC was markedly species-specific. Bottom fish such as walleye pollack and white croaker had conventional A2-LC that lacked the difference peptide. On the other hand, A2-LC from horse mackerel and mackerel-scad showed N-terminal amino acid sequences similar to that of difference peptide, although their peptide length of about 10 residues was much shorter than the conventional difference peptide. Furthermore, sardine and Scombroid fish such as tuna and skipjack contained A2-LC with difference peptide-like sequences of about 21 residues in their N-terminal region. These results imply that N-terminal peptides of A2-LC specific to pelagic fish have physiological functions to facilitate effective swimming in these fish. Such evidence for high A2-LC species-specificity at the molecular level confirmed practical application of LC patterns in various electrophoretic analyses for fish species identification and classification.
INTRODUCTION
Skeletal muscle myosin consists of two heavy chains of approximately 200kDa and four light chains of approximately 2OkDa.1-3) Myosin light chains are located in a region near the junction of myosin head and rod 4, 5) and classified into two groups, alkali light chains consisting of two heterologous components (Al and A2 in the order of decreasing mol. wt) and 5,5'-dithio-bis-2-nitrobenzoic acid (DTNB) light chains.1,2) It is known that myosin from fish fast skeletal muscle also possesses four light chains of three different mol. Wis.6) In addition, fish myosin light chains reportedly display greater variability of mol. wt as observed by sodium dodecylsulfate -polyacrylamide gel electrophoresis (SDS-PAGE).6,7) Also, fish myosins can be classified into three types, based on molecular weights of A2 and DTNB light chains.' However, structural differences responsible for such remarkable species-specificity are unknown. In this study, nucleotide sequences of myosin Al , A2, and DTNB light chains from eight marine teleosts were determined by cDNA cloning . Since the nucleotide sequences of fish fast skeletal muscle myosin light chains had been presented only from carp , 11, 12) the DDBJ/EMBL/GenBank DNA databases with accession numbers of AB042039, AB042036, AB042051, AB042053, AB042048, and AB042042, respectively. As a result, amino acid sequences of about 170 residues of DTNB light chains were deduced from cDNA nucleotide sequences of all fish species. Comparison of primary structures of fish myosin DTNB light chains revealed high conservation among species, including carp, resulting in more than 95% homology among fish species (data not shown). In addition, the fast skeletal muscle DTNB light chain, the so-called regulatory light chain, of higher vertebrates was found to be phosphorylated by myosin light chain kinase both in vivo and in vitro at Ser-15.13,14) This serine residue was also conserved in fish skeletal muscle DTNB light chains except in anchovy. The DTNB light chain is a member of the EF hand superfamily, which includes calmodulin and troponin-C, consisting of eight helices and four loops. 15 Figure 3 shows amino acid sequences of myosin A2 light chains from various fish muscles deduced from cDNA nucleotide sequences. Data of total DNA nucleotide sequences of skipjack, bluefin tuna, sardine, horse mackerel, and white croaker have been also registered to the DDBJ/EMBL/GenBank DNA databases with accession numbers of AB042038, AB042035, AB042050, AB042047, and AB042041, respectively. As shown in this figure, the N-terminal sequence of A2 light chain was found to be markedly species-specific. Bottom fish, such as walleye pollack and white croaker, had a conventional A2 light chain consisting of 157 and 150 amino acid residues which lacked the difference peptide portion that was detected in Al light chain. On the other hand, in scombroid and clupeoid fish such as skipjack, bluefin tuna, sardine, and anchovy, distinctive addition of 20-21 amino acid residues was detected in an extreme N-terminal region and the total number of residues was about 172. Furthermore, in carangoid fish such as horse mackerel and mackerel-scad, additional amino acid comprised only about 9 residues in the N-terminal region and the total number were about 162 residues. These results suggest that the N-terminal peptides of A2 light chain specific to pelagic fish have physiological functions to facilitate these fish swimming effectively . Such differences in A2 light chain primary structure are supposed to be at least partially attributable to significant species-specificity of fish myosin light chains in SDS-PAGE pattems.6,8) It is also noteworthy from the viewpoint of species authenticity that amino acid sequences of myosin A2 light chains differ among fish species , especially in their N-terminal regions . It is known that fast skeletal myosin Al and A2 light chains of mammalian and avian species are produced from a single gene b alternative transcription and two modes of splicing . [20] [21] [22] 0 The A2 light chain sequence is Electron microscopy studies located light chains in the neck region of myosin molecule.4,5) Fish A2 light chain was shown to have about two-fold higher affinity for heavy chains than the Al light chain; and fish myosin S1(A2) isozyme, which was S1 associated with A2 light chain only, was more thermostable than S1(A1).27 In order to investigate the relationship between high speciesspecificity in alkali light chain among fish and myosin heavy chain, we further determined the primary structure of the myosin head region containing both alkali and DTNB light chain binding sites and then aligned sequences among fish species and rabbit. From the result of Fig.4 , relatively lower sequence conservation was seen in the alkali light chain binding region than in the DTNB light chain binding region. Furthermore, substitutions of amino acids seem to differ among four groups: bottom fish, carangoid fish, scombroid and clupeoid fish, and mammalian, as detected with comparison of A2 light chain primary structures (Fig. 3) . Differences in the N-terminal region of A2 light chain among fish species may result in differences in interaction between A2 light chain and the motor domain in myosin heads of various origins and therefore in different structural stability of myosin head.
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